INTRODUCTION
The pre-orbital gland is a glandular region in a pouch adjacent to the nasal corner of the eye in most deer species (Müller-Using and Schloeth, 1967, Schaffer et al., 1999; Lawson et al. 2000) . Opening of the pre-orbital gland in red deer (Cervus elaphus) has been reported to be a signal from a calf to the mother that it is hungry (Wölfel, 1976; , but no data were offered to support such a contention. Pre-orbital gland opening and closing was, however, reported to be clearly associated with feeding and achieving satiety in bottle-reared red deer calves (Bartoš et al., 2005) .
Neither sucking bout duration nor its frequency were found to be reliable indicators of milk or energy intake in mammals (Cameron, 1998) , including red deer (Loudon et al., 1983; Loudon and Kay, 1984) , fallow deer (Dama dama; Gauthier and Barrette, 1985; Birgersson and Ekvall, 1994) , or white-tailed deer (Odocoileus virginianus) . Sucking bout duration refl ects vital demands (nutritive as well as non-nutritive, including safety and social contact) of the offspring rather than the milk transfer rate (Mendl and Paul, 1989) . Termination of the suckling bout by the mother in some ungulates, including domestic horses (Equus caballus; Cameron et al., 2000; Heitor and Vicente, 2008) , plains zebra (Equus burchelli; Pluháček et al., 2010) , and white-tailed deer and fallow deer (Gauthier and Barrette, 1985) indicates to what extent the mother provides or is able to provide the level of maternal invest- ABSTRACT: Opening of the pre-orbital gland in red deer (Cervus elaphus) was previously found to be associated with feeding and negatively associated with achieving satiety in bottle-reared red deer calves. We speculated that this acted as a signal from a calf to the mother that it was hungry. Thus, we focused on a possible association between the pre-orbital gland opening and the sucking behavior in red deer calves. We recorded 63 sucking attempts and 150 sucking bouts within a stable social group of 24 farmed red deer females with 19 calves ages 16 to 90 d. The probability of the pre-orbital gland opening or remaining open during a sucking bout rapidly decreased with the on-going sucking phase (P < 0.001), and it was less after than during a sucking attempt (P < 0.03).
The proportion of open pre-orbital glands at the end of sucking depended on whether the nursing female (27.85%) or the calf (0%, P < 0.01) terminated the sucking bout. The open pre-orbital gland of the calf after the sucking bout signifi cantly predicted a subsequent sucking attempt (P < 0.001). The probability of open pre-orbital gland was not signifi cantly affected by the age of the calf, sex or birth weight, or age of the nursing female. In conclusion, our study provides evidence that the opening of the pre-orbital gland is one of the general patterns of calf sucking behavior, specifi cally that it refl ects the level of satisfying calf needs. 3208 ment demanded by the offspring at that time. Suckling bouts terminated by the mother probably indicate that the offspring needs have not been met, as indicated in horses (Cameron et al., 1999) and in plains zebra (Pluháček et al., 2011) .
In the present study, we focused on a possible association between the pre-orbital gland opening and the sucking behavior in red deer calves. We hypothesized that the calf would open its pre-orbital glands when approaching the dam and at the start of sucking and then close them during sucking as its needs were fulfi lled. Further, the pre-orbitals likely would be closed at the end of sucking when terminated by the calf itself, whereas they might remain open at the end and after sucking if the nursing female ceased the sucking bout. If the mother terminated the suckling bout, the calf should attempt to suck again immediately because its needs were not fulfi lled.
MATERIALS AND METHODS
This study received approval for animal use and care from the Czech Republic's Institutional Animal Care and Use Committee of the Institute of Animal Science (No. 13803/2003 (No. 13803/ -1020 , and it was conducted in accordance with the requirements of the Czech Central Commission for Animal Welfare.
Animals and Observations
A stable social group of 24 red deer females (hinds) with 19 calves (9 males, 10 females) born between 31 May and 21 June 2010, which was kept at the experimental farm of the Institute of Animal Science at Podlesko (N 50°3.027′ E 14°35.625′) in Prague, Czech Republic, was observed during July and August 2010. The age of the observed calves ranged from 16 to 90 d. The ages of the mothers ranged from 5 to 13 yr. The animals were accustomed to the presence of a human and the daily farm routine.
The hinds and calves were held in a 1.1 ha paddock. They grazed ad libitum during the growing season (from April to October) and were fed a supplementary grain mixture and hay throughout the year. During the calving season, newborn calves were sought out routinely every morning, and each new calf was marked by an ear tag and weighed with a hanging scale at the age of 1 to 3 d.
Suckling in the herd was watched by a trained observer sitting on a moveable stand located by the fence of the enclosure. A binocular with an image stabilizer (Canon, Tokyo, Japan) with the magnifi cation and fi eld of view of 15 × 50 was used for the observation of the pre-orbital gland opening. Based on previous studies on the suckling behavior in red deer (Illmann et al., 1997 , Drábková et al., 2008 ) the deer were observed during a morning or evening session when the greatest likelihood of suckling activity occurs. In total, the suckling behavior was observed for 40 h consisting of 23 sessions, each lasting from 1 to 3 h.
The data were collected via the group focal sampling method (Altmann, 1974) . We distinguished 2 sucking events: a sucking bout occurred when a calf took a teat in its mouth for at least 5 s (Bartoš et al., 2001 ); otherwise, it was considered a sucking attempt. Once a calf was approaching a hind, the observer focused on the pair. In cases when it was followed by a sucking attempt or bout, the observer recorded the identity of the hind who terminated the sucking attempt or bout (mother/calf/ not recorded), and whether it was followed by a subsequent sucking attempt (i.e., a sucking attempt made by the calf immediately after the end of a suckling bout, as described in Pluháček et al., 2011) . Additionally, we recorded the duration of sucking bouts in minutes.
We distinguished 4 phases of sucking bouts: a calf approaching a hind, the start (when the calf took the teat into its mouth), during (when the calf had the teat in its mouth), and the end of a sucking bout (when the sucking bout was terminated). The observation "after the sucking bout" was recorded 15 s after a calf left or lost a teat. The sucking phase "a calf approaching a hind" could not be statistically analyzed, as we recorded only 2 observations with the known pre-orbital gland status (open in both cases). The pre-orbital gland was considered as open when the back of the gland (a pale spot) was visible or was considered closed when no slit could be distinguished (Bartoš et al., 2005 , Bartošová-Víchová et al., 2007 .
Statistics
The data were analyzed using SAS (SAS Inst. Inc., Cary, NC). The effect of the sucking phase (start, during, end and after a sucking bout) on probability that the calf opens its pre-orbital gland was estimated using generalized linear models for a categorical data analysis based on the generalized estimating equation (GEE) approach processed in the GENMOD procedure (Stokes et al., 2000) . As the dependent variable (pre-orbital opening) was a binary response (open or closed), we chose the logistic regression model with appropriate parameters (i.e., binomial distribution and logit link function). The identity of the calf entered the model as a random effect via the REPEATED statement so that the repeated measures on the same individuals were properly treated. The effects of other explanatory variables (i.e., sex, age and birth weight of the calf) and age of the nursing female on the pre-orbital gland opening during particular sucking phases could not be tested in the same model due to low sample size and data distribution, which did not allow us to test the interaction of the sucking phase with these factors. Therefore, we employed an extra logistic regression model to assess the impact of above-mentioned factors on the probability of the open pre-orbital gland at the end of a sucking bout (PROC GENMOD).
The differences in the proportions of sucking bouts with open pre-orbital glands at the start and at the end of an individual sucking bout were tested using McNemar's χ 2 test for matched-pair data (Stokes et al., 2000) , calculated only using the data with complete information about the pre-orbital gland status (n = 15). The same test was used for the comparison of the pre-orbital gland opening during and after a sucking attempt.
Chi-square tests (PROC FREQ) were calculated to fi nd out possible relationships between the pre-orbital gland opening and sucking attempts, and also between the pre-orbital gland opening and terminator of a sucking bout (dam or calf; this factor could not be included in the logistic regression model due to 0 counts of open pre-orbitals in sucking bouts terminated by the dam). Fisher's exact probability test was used for calculating the exact P-values where the asymptotic assumptions were not met.
Sucking bout duration, measured in minutes, was examined by using a general linear mixed model (PROC MIXED; n = 104). As expected, the sucking bouts terminated by the mother were shorter than those terminated by the calf (0.88 vs. 1.56 min, F 1, 69 = 18.23, P < 0.001, n = 71). Therefore, the pre-orbital gland opening (open or closed) entered the model in interaction with terminator of sucking (dam or calf). The model further included the independent variables of sex and age of the calf and age of the mother.
RESULTS
In total, we recorded 63 sucking attempts and 150 sucking bouts. Numbers of sucking events with observable pre-orbital opening and percentages of open preorbitals during particular sucking phases are shown in Table 1 . The hind terminated 80.43% out of 147 sucking bouts (when it could be determined which individual ended the bout). A sucking bout was followed by a subsequent sucking attempt (within 15 s) in 21 (15.56%) out of 135 observations; only 4 of them were not rejected immediately by the hind. A sucking attempt was followed by a subsequent sucking attempt in 6 (13.04%) out of 46 observations, and 2 of them were not rejected by the hind.
Pre-orbital Gland Opening and Sucking Behavior
The probability of the pre-orbital gland being open during a sucking bout rapidly decreased with the on-going sucking phase (χ 2 3 = 27.85, P < 0.001; n = 261 observations of the pre-orbital gland during 144 sucking bouts, Figure 1) . Most of the sucking bouts started with the calf showing an open pre-orbital gland and were terminated with the closed pre-orbital gland of the calf (S 1 = 10.00, P < 0.01; n = 15; 9 hinds were involved, Figure 2 ). The probability of an open pre-orbital gland at the end of a suckling bout was not signifi cantly affected by the age (P = 0.59), sex (P = 0.60) or birth weight (P = 0.72) of the calf, or age of the nursing female (P = 0.54).
The proportion of calves showing open pre-orbitals was lower after than during a sucking attempt (Table  1 ). The analysis of matched paired data revealed a decrease in the proportion of the pre-orbital gland opening (17.95% during vs. 5.13% after a sucking attempt, S 1 = 5.00, P < 0.03; n = 39).
The proportion of calves showing open pre-orbital glands at the end of sucking considerably depended on who terminated a sucking bout, whether a nursing female (27.85%) or a calf (0%, χ 2 1 = 7.50, P < 0.01; n = 100). The same dependency on a terminator of a sucking bout was apparent even after the sucking bout (16.50 vs. 0%, χ 2 1 = 4.57, P < 0.05; n = 127).
In the cases where a calf terminated a sucking bout, the pre-orbital glands of the calf were always closed at the end of the sucking bout, and no subsequent sucking attempt occurred (n = 27 sucking bouts terminated by the calf, 21 of them with the known pre-orbital gland information). As expected, a subsequent sucking attempt followed more frequently from a sucking bout that was stopped by the nursing hind than those terminated by the calf (19.42% vs. 0%, χ 2 1 = 6.16, P < 0.02; n = 130). If the nursing female terminated the sucking bout, then the pre-orbital gland of the calf being open at the end of the sucking bout (χ 2 1 = 21.08, P < 0.001; n = 76), and particularly after the sucking bout (χ 2 1 = 37.41, P < 0.001; n = 98), signifi cantly predicted a subsequent sucking attempt (Figure 3) .
After the subsequent sucking attempt, either rejected or accepted by the hind, the pre-orbital gland was open in 3 out of 15 recorded occasions (20%). The 6 calves that were allowed subsequent sucking by the dam and had opened the pre-orbital gland before this subsequent sucking closed their pre-orbital glands during or after the sucking bout. The proportion of open pre-orbital glands tended to be lower after than during a subsequent sucking attempt (20.00 vs. 54.6%, χ 2 1 = 3.35, P = 0.10; Table 1 ).
Pre-orbital Gland Opening and Sucking Bout Duration
The sucking bout duration was not signifi cantly infl uenced either by the sex of the calf (P = 0.25) or age of the hind (P = 0.97), but it decreased with the age of the calf (r = -0.45, F 1, 71 = 4.11, P < 0.05; n = 75). The sucking bout duration further depended on who terminated the sucking bout (dam or calf) and pre-orbital gland opening at the end of the sucking bout (interaction terminator of the sucking bout × pre-orbital gland opening, F 2,69 = 9.08, P < 0.001), as well as after the sucking bout (F 2,71 = 3.93, P < 0.03). Sucking bouts terminated by a calf that ended with closed pre-orbitals (1.57 ± 0.16 min) were longer than sucking bouts terminated by the dam, regardless of the pre-orbital gland status, either open (0.92 ± 0.16 min) or closed (0.91 ± 0.10 min). We found similar differences in sucking bout duration after the sucking bout; 1.37 ± 0.14 min (sucking bouts terminated by a calf ended with closed pre-orbitals), 0.89 ± 0.20 min (sucking bouts terminated by the dam, open pre-orbitals in the calf), and 0.93 ± 0.08 min (sucking bouts terminated by the dam, closed pre-orbitals in the calf). Sucking bouts terminated by the calf with open pre-orbitals were not observed in this study, and, therefore, they could not be included in comparisons.
An open pre-orbital gland compared with a closed gland at the beginning of a sucking bout suggested that it would predict a longer sucking bout (1.39 ± 0.20 vs. 0.83 ± 0.33 min). However, the difference could not be statistically tested due to the low number of sucking bouts that commenced with closed pre-orbital glands (n = 3).
DISCUSSION
Opening of the pre-orbital gland in red deer calves followed a strong pattern during suckling, and it was significantly associated with suckling behavior. We detected no impact of the age, sex, or birth weight of the red deer calf on the pre-orbital gland opening during suckling, which is in agreement with the facts detected in bottle-reared red deer calves where the open pre-orbital gland was found to be an indicator of the hunger of a calf (Bartoš et al., 2005) .
Sucking Behavior
Sucking behavior observed in the present study corresponded to that previously described in red deer calves (Clutton-Brock et al., 1982) . We found similar sucking bout duration decreasing with age as in studies on red deer (Bubenik, 1965; Vasquéz et al., 2004; Drábková et al., 2008) . The rate of sucking attempts rejected by the dam and proportion of sucking bouts terminated by the mother has been not reported in the literature for red deer, but they were comparable to our earlier observations on the same population (seasons 2003 to 2007, unpublished data) and also to those found in fallow or white-tailed deer (Gauthier and Barrette, 1985) . The lack of significant increase in probabilities that the dam rejects a sucking attempt or terminates a sucking bout with increasing age of the calf found in some studies on deer species (Gauthier and Barrette, 1985) was most likely caused by low sample size (63 sucking attempts and 150 sucking bouts). The present study was designed to collect data on a diffi cult-to-observe behavior during suckling (the pre-orbital gland opening) that determined the priorities of recorded behaviors and variables. The resulting dataset thus did not allow us to come to any general conclusions either on suckling behavior parameters and their infl uential factors or their associations with maternal investment. Therefore, they are not further discussed in this study.
Pre-orbital Gland Opening and Sucking Behavior
More than 80% of the calves opened their pre-orbital glands at the start of sucking. Thus, an opened pre-orbital gland may serve as a signal to the mother of the imminent sucking need of the calf as proposed fi rst by Wölfel (1976; . This behavior is likely to be a part of the ritualized behavioral repertoire of the calf that was frequently observed during the initialization of suckling: A calf approaches a hind from the side or from the front, runs around her chest under her neck, and starts sucking in an antiparallel position towards the hind (personal observations). However, we occasionally observed the nursing hind "roll up" her neck and body to the position in which she could check the pre-orbital gland of the calf sucking in an antiparallel position. (An antiparallel position was observed in 97% of sucking bouts in our study). In addition, there was no difference between sucking bout duration in sucking bouts terminated by the mother according to the open or closed pre-orbitals at the moment she stopped nursing. Thus, it does not seem likely that she could visually receive the notional pre-orbital signal from the calf at other times than before and after sucking (i.e., not during a sucking bout) and thus get information about the satiety of the calf during sucking as suggested earlier (Wölfel, 1976; . Further research should investigate the olfactory role of the pre-orbital gland opening in calves during sucking and at calf-mother communication, which has been suggested but not supported by any data (Wölfel, 1976; Hatlapa, 1977; Wölfel, 1983) . Pre-orbital secretion has been found to take important part in deer communication in Eurasian deer (Lawson et al., 2000 (Lawson et al., , 2001 ; the secretions not only were individually distinct but were suggested to "code" for particular attributes, such as deer sex, age, or population of origin.
The pre-orbital gland opening closed during most (87%) of the observed sucking bouts, and the gland was always closed at the end of sucking when the calf terminated the sucking bout itself. Compared with this, sucking bouts terminated by the dam rather than by the calf were signifi cantly shorter, and in a quarter of cases the calves still had their pre-orbital glands open at the end of sucking. In addition, a subsequent sucking attempt followed a sucking bout 7 times more often if the pre-orbital gland was open immediately after the sucking bout than when it was closed. Therefore, we suggest that the open pre-orbital gland likely refl ects insuffi cient fulfi lling of the needs of the calf, either nutritive or nonnutritive, by the mother.
The closed pre-orbital gland at the start of sucking, however, seemed to predict shorter sucking bouts (less than 1 min) but the number of observed closed pre-orbitals at the start of sucking bouts was too small (n = 3) to allow for any relevant analysis. Nevertheless, it may indicate reduced needs of the calf starting with closed pre-orbitals. If this is true, it would support the relation between the pre-orbital gland opening and the needs of the calf.
The probabilities of open pre-orbital glands at the start and after sucking were comparable with those found in bottle-reared red deer calves (Bartoš et al., 2005) . After the meal, however, the bottle-fed calves still had their pre-orbitals open in one half of occasions (Bartoš et al., 2005) , while only 10% did after sucking in our study; whereas begging for further food/sucking was almost the same in both studies (10% vs. 15%, respectively). It was most likely caused by other factors being involved in the pre-orbital gland opening during artifi cial feeding, such as stress or social tension, which have been associated with the pre-orbital gland opening under different situations, such as rutting and agonistic behavior (Bartoš, 1983) or stressful handling (Bartošová-Víchová et al., 2007) .
In our study, we could not distinguish between nutritive and non-nutritive sucking. However, a decreased proportion of open pre-orbitals observed after compared with during a sucking attempt (i.e., sucking solicitation of the calf rejected immediately by the mother, thus giving the calf no chance to get any milk) likely refl ected satisfying non-nutritive needs of the calf, such as calming, comfort, or social contact.
In conclusion, our study provides evidence that the pre-orbital gland opening forms a part of the wider behavioral repertoire of the sucking behavior of the red deer calf, regardless of its age, sex, or birth weight, and it refl ects the level of satisfying its needs, either nutritive or non-nutritive. These results further support using the pre-orbital gland opening as a reliable indicator of calf satiety during a sucking bout in bottle-fed calves for farmers, as recommended by Wölfel (1976; and Bartoš et al. (2005) .
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